ABSTRACT This study was conducted to investigate the effect of a 12-h feed outage at various times prior to slaughter on subsequent broiler performance, live shrink, and processing yields. Broilers were full-fed or subjected to a 12-h feed outage followed by a refeeding period of 12, 24, or 48 h. Bird live weights or feed consumption was monitored during the outage and recovery periods. Birds were subjected to a 10-h feed withdrawal period and were slaughtered using simulated commercial conditions. Carcass weights were recorded through processing for yield determinations. The 12-h feed outage affected female broilers more than male broilers. Although all birds lost weight during their respective feed outage peri-
INTRODUCTION
Implementation of the USDA Pathogen Reduction; Hazard Analysis and Critical Control Point (HACCP) Systems; Final Ruling; (or "Mega Reg"), and the "zero tolerance" requirement for visible fecal contamination has resulted in renewed interest in broiler feed withdrawal programs (USDA, 1996) . Preslaughter feed withdrawal is a long-standing management technique used to minimize fecal contamination (Wabeck, 1972; Bilgili, 1988; May and Deaton, 1989; Rasmussen and Mast, 1989; . The feed withdrawal period must be long enough to allow intestinal evacuation but short enough to prevent excessive live shrink (Wabeck, 1972; Veerkamp, 1986) . Research has shown that withdrawal periods of 8 to 12 h result in an acceptable balance to maximize eviscerated yields and minimize fecal contamination (Smidt et al., 1964; Wabeck, 1972; Murphy and Goodwin, 1978; Benoff, 1982; Veerkamp, 1986) .
During commercial production, broiler flocks may run out of feed prior to the scheduled feed withdrawal and processing date. This shortage could be due to a number 2002 Poultry Science Association, Inc. Received for publication August 27, 2001 . Accepted for publication March 7, 2002. 1 To whom correspondence should be addressed: fletcher@uga.edu. 1236 ods, birds were able to consume enough feed upon refeeding such that no significant differences in final live weight were detected at the initiation of feed withdrawal. Female broilers processed after a 12-h refeeding period had significantly larger gall bladders (by weight) as compared to the gall bladders of birds in the other treatments. Other processing parameters were not significantly affected by treatment. A 12-h feed outage and feed replacement prior to normal preslaughter feed withdrawal does not significantly affect processing yields, provided sufficient feed is replaced for at least 12 h prior to feed withdrawal. Because total feed consumption did not change following feed outage replacement, feed must be sufficient to compensate for that not consumed during the outage. of factors such as over placement of birds in the house, unexpected temperature changes, or simple miscalculation of the predicted feed consumption. May and Lott (1992a) reported that feed consumption increased during periods of cold temperature and decreased during hot weather. Unexpected temperature changes could, therefore, lead to increased consumption, which could result in broilers consuming the allotted feed before the scheduled processing date.
Poultry industry personnel indicate that these unintentional feed outage periods typically occur for 12 h but rarely exceeded this period (personal communication). Feed outage is of concern for broiler performance as well as for minimizing the effects of gorging prior to intentional feed withdrawal.
To date, no information is available concerning the effects of short-term feed outages and refeeding on subsequent bird performance, live shrink, or broiler carcasses yields. This project was conducted to determine the effects of a 12-h feed outage at various times prior to processing on broiler feed withdrawal, live shrink, and processing yields.
MATERIALS AND METHODS
In each of two independent experiments, approximately 440 straight-run broilers were obtained at 28 d of age from a commercial broiler farm and were transported to the University of Georgia Poultry Research Center. Ten males and 10 females were randomly placed in 20 litterfloored pens supplied with feed and water ad libitum. Sex was determined on the 28-d-old birds by visual examination of secondary sex characteristics by an experienced poultry husbandry expert. The extra birds were held in a separate pen. Birds were grown to 42 d of age using standard production practices. An extra feeder was placed in each pen to ensure that all birds had unrestricted access to feed (especially during the subsequent outage and refeeding periods). In each of the subsequent experiments, on the day of treatment initiation, the birds were visually examined for physical condition and verified for sex by observation, and any missing birds, due to mortality, damaged or unhealthy birds, or mis-sexed birds were replaced by one of the separately held extra birds. Thus at the initiation of each of the experiments, there was a total of 400 birds.
Experiment 1
In the first experiment, five pens were randomly assigned to one of four treatment groups based on how long prior to slaughter the birds were subjected to a 12-h feed outage: control birds (Trt0)-no feed outage, feed outage 48 h prior to feed withdrawal (Trt48), feed outage 24 h prior to feed withdrawal (Trt24), and feed outage 12 h prior to feed withdrawal (Trt12). After the 12-h feed outage period, birds were immediately given free access to feed up to the scheduled preslaughter feed withdrawal.
Starting at 39 d of age, the control birds were individually weighed at 12-h increments (1100 and 2300 h), and the test birds were weighed only at the initiation and conclusion of the feed outage period and again at 2300 h the night prior to processing.
After the 2300 h weighing the night prior to processing, feeders were removed from all pens (initiation of the 10-h preslaughter feed withdrawal period), and the birds were allowed to remain in the litter-floored pens with free access to water for an additional 4 h, at which time the birds were caught, cooped, held for 6 h, and transported (approximately 0.4 km) to the pilot processing facility for immediate slaughter.
Experiment 2
The second experiment was conducted in a similar manner to the first experiment with the following excep- tions. All of the birds, regardless of treatment, were individually weighed at 36 d of age and were not weighed again until the initiation of feed withdrawal at 2300 h the night before slaughter. Instead, beginning at 36 d of age, the feed was weighed and feed consumption monitored every 12 h (1100 and 2300 h) to minimize handling of birds.
Thus, the first experiment focused on the effect of feed outages on individual and pen bird weights, and the second experiment focused on the effect of feed outages on pen feed consumption patterns. All other parameters from the initiation of feed withdrawal through processing were the same.
Processing
In both experiments, following a 10-h feed withdrawal, birds were processed using simulated commercial conditions. Birds were removed from coops, individually weighed (dock weight), hung on shackles, stunned (twostage electrical stunner, 2 14 V, pulsed direct current at approximately 500 Hz for 18 s, followed by 14 V, 60 Hz for 9 s), killed by hand using a conventional unilateral neck cut to sever the carotid artery and jugular vein, bled for 140 s, scalded at 55 C for 110 s in an air-agitated commercial scalder, 3 and picked for 36 s in a commercial in-line picker. 4 Upon exiting the picker, the head and feet were removed, and carcasses were weighed (New York dressed weight) and rehung on an evisceration line. The abdominal cavity was opened manually, and carcasses were eviscerated with an in-line automatic eviscerator.
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The gall bladder was removed and placed in preweighed individual containers for later analysis. Eviscerated carcasses were reweighed (shell weight) and chilled in a static ice and water mixture for 24 h. The individual processing weights and associated yield calculations are described in Table 1 .
The individual bird gall bladders were weighed, macerated, and reweighed. The gall bladder and gall contents (bile) were dried for 48 h at 98 C in a drying oven to determine moisture content.
Statistical Analyses
Data within each experiment were analyzed using the ANOVA option of the general linear model (GLM) procedure of SAS software (SAS Institute, 1988) . The model tested the main effects of gender, treatment (feed outage time), and replication (pen) as well as the interaction terms using residual error. Based on significant gender by treatment and gender by replication interactions, the data were analyzed and reported by gender. Because there were no significant treatment by replication interactions, the data are presented by treatment. Means were separated using Duncan's multiple-range test option of the general linear model procedure (SAS Institute, 1988) . The total number of birds in each experiment was 400, 200 males and 200 females, 50 birds per sex and treatment, or 10 birds per pen, sex, and treatment. 
RESULTS AND DISCUSSION
From the initiation of each experiment, there was no mortality, thus all 400 birds were processed and used for individual data collection. The results for the 12-h feed outages at 0, 12, 24, and 48 h prior to processing on female carcass weights in Experiment 1 are presented in Means within a row followed by different superscript letters differ significantly (P < 0.05). n = 50 birds per treatment mean. no significant differences in carcass weights among the treatments (Wed p.m.).
Live bird weight losses are also expressed as a difference (⌬) in grams and percentage in the lower half of Table 2 . Feed outage resulted in the loss of approximately 3% of the BW, whereas the controls gained approximately 1% per incremental 12-h period (feed consumed plus growth). Birds compensated for this weight loss once the feeders were replaced and feed was readily available to the birds. The control birds were weighed every 12 h, whereas the feed outage treatments were only weighed before and after outage and at Wed p.m. Therefore, the stresses of extra handling may have affected feed consumption patterns and suppressed weight gain in the control birds.
The results for the male birds in Experiment 1 are presented in Table 3 . Although the basic trends for the males are similar to those observed for the females, the males Means within a row followed by different superscript letters differ significantly (P < 0.05). n = 50 birds per treatment mean. appeared to be less sensitive to the feed outages. This finding is noted by the lack of differences between the Trt48 birds and Trt12 birds when compared to the control birds following feed outage. However, as with the females, there were no differences in BW among the treatments at the Wed p.m. weighing, again suggesting a compensatory weight gain following weight loss due to the feed outage. The differences (⌬) in grams and by percentage in the bottom half of Table 3, all followed the same patterns observed for females ( Table 2 ). The differences in actual weight loss and the apparent difference in sensitivity to feed outage between the sexes was most likely due to the greater BW of the males (Mon a.m. weight = 2,223 g) being less sensitive to feed outages on an absolute basis than that of females (Mon a.m. weight = 1,917 g).
The processing weights and yields in Experiment 1 for the females are presented in Table 4 and for the males in Table 5 . For the females, there were significant treatment effects on gall bladder weight, gall bladder percentage of carcass, water uptake (g and %), and shell yield. Gall bladders, by weight and percentage, were significantly greater in Trt12 compared to Trt0 (control), neither of which was different from the Trt24 or Trt48 birds. Although gall bladder weight differences existed among the treatments, no significant differences were observed in the percentage moisture of the bile. Gall bladder weights and moisture content were measured, as it has been observed that long feed withdrawal periods are associated with enlarged gall bladders, which are more prone to breakage and spillage during evisceration. These results indicate that feed outage affected gall bladder enlargement and moisture content. Eviscerated yield (shell %) was significantly lower for Trt12 than for the Trt24 or Trt48 birds, but none of the treatments was significantly different from the control (Trt0). There were no significant treatment effects for the males (Table 5) .
These results indicate that birds initially react to a 12-h feed outage with an actual weight loss. Northcutt and Buhr (1997) reported that broiler growth was 0.1 kg/d, or 4 g/ h on feed from 45 to 47 d of age. However, birds rapidly regained weight such that a minimum of a 12-h recovery period (for the Trt12 group) will result in similar BW. There were two issues of concern regarding experimental design. First, the control birds were handled more than the feed outage birds, and second, no feed weights were recorded. The extra handling of the control birds might have suppressed the normal growth by disrupting eating patterns and reducing the actual _ between the control birds and the latter two treatment groups. Therefore, it was decided to focus the second experiment on feed consumption patterns instead of bird weights to reduce excessive disruption of eating patterns by handling the birds and to determine if feed consumption patterns would support the live bird data.
The results for feed consumption in Experiment 2, reported as incremental feed consumption every 12 h by treatment, are presented in Table 6 . During the first six increments prior to the first feed outage treatment, there were no differences in feed consumption between the treatment groups. Increment 2 was an exception, in which Trt24 treatment was significantly lower than the other three treatments, which were not different from each other.
The first feed outage was for Trt48 during Increment 7. There was a significant difference between Trt48 and the other three treatments, which were not different from each other. This is expected as feed consumption for the Trt48 pens during Increment 7 was zero. However, the feed consumption during Increment 8 was significantly greater for the Trt48 pens (2,441 g) compared to the other treatment groups, which were not different from each other. Also, during increments 9, 10, and 11, the Trt48 group pens consumed 1,694, 1,971, and 1,871 g, respectively, each of which was significantly greater than the feed consumed in the control pens of 1,555, 1,588, and 1,558 g, during the same increments, respectively. These Effect of a 12-h feed outage and feed replacement for 0 (control), 12, 24 , and 48 h prior to preslaughter feed withdrawal on female processing weights and yields (means ± standard error) and probability (P) in Experiment 1 85.6 ± 0.1 58.9 ± 0.2 85.7 ± 0.1 85.6 ± 0.2 0.5959
a-cMeans within a row followed by different superscript letters differ significantly (P < 0.05). n = 50 birds per treatment mean.
results agree with the findings of May and Lott (1992b) who reported that feeding activity increased once feed was returned to broilers who had previously been without feed. Similar results were obtained for Trt24 and Trt12 when comparing feed outage consumptions (0 g) and the recovery feed consumption compared to the control pens. In each case, the feed consumption during the recovery period was significantly greater than the control pens. When comparing total feed consumption during Increments 7 through 11, there was no difference between the Trt48 group and the control group. The Trt24 and Trt12 groups consumed significantly less total feed, 7,059 and 7,155 g, respectively, than the controls and Trt48, 7,705 and 7,977 g, respectively, but were not different from each other. There were no significant differences in the final total bird pen weights (Wed p.m.), efficiency of feed The results show that following a 12-h feed outage, broilers will immediately consume more feed when feed is replaced, for at least the next several days (e.g., Trt48). Based on the Trt48 results as well as the cumulative results for all treatments, it appears that this compensatory consumption will result in no difference in the final feed consumption or weight gains if broilers are allowed sufficient recovery time.
The results for the processing weights and yields from Experiment 2 for females and males are presented in Tables 7 and 8 , respectively. For female broilers, there Means within a row followed by different superscript letters differ significantly (P < 0.05).
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Increments began for 36-d-old broilers at 1100 h and proceeded every 12 h until initiation of preslaughter feed withdrawal at 41 d of age at 2300 h. n = 50 birds per treatment mean.
were significant treatment effects for the New York dressed carcass weights, gall bladder weights, and gall bladder percentages of carcass weights. For male broilers, as in Experiment 1, there were no significant processing effects (Table 8 ). The authors offer no explanation for the difference in New York dressed carcass weights, as the catch weights, dock weights, and the New York dressed percentages were not different. The significant differences for the gall bladders from the female birds were consistent with the results from Experiment 1. In both experiments, the gall bladders were significantly larger from the Trt12 group, and in Experiment 2, all of the feed outage treatments had significantly larger gall bladders. This result would indicate that the Means within a row followed by different superscript letters differ significantly (P < 0.05). n = 50 birds per treatment mean. feed outage affected the digestive system of the birds related to bile production and storage patterns. The authors offer no explanation for this effect being significant only in the female birds.
The results from these experiments indicate that a short-term feed outage (12-h duration) followed by feed replacement for 12, 24, or 48 h prior to preslaughter feed withdrawal has little effect on final birds weights, total feed consumption, or processing weights or yields. Feed outages appear to affect female birds more than males. Based on compensatory feed consumption patterns (Experiment 2), producers should be aware that replacement feed amounts should be sufficient to take into account the increased feed consumption following the outage. In Effect of a 12-h feed outage and feed replacement for 0 (control), 12, 24 , and 48 h prior to preslaughter feed withdrawal on male processing weights and yields (means ± standard error) and probability in Experiment 2
